1 An electromagnetic tracking system comprising 

a magnetic field generating unit driven by a drive signal, 

a field sensing unit having a sensing signal responsive to changing magnetic field 
*e generating and sensing units heing arranged to generate and to sense, respective*, an 
etelmagneuc fie.d in an arena of interest, and whetein a, leas, one of satd umts . 
movable, 

signal measurement and conditioning circuitry connected to said units to 

(i) detect the drive signal and the sensing signal, 

(ii) ratiometrically combine said signals to form a mutual inductance 

matrix, and 

a processor operative with the mutual inductance matrix to determine coordinates 
of the movable unit 

l The electeomagnefic tracking system of claim 1, wherein said system drives me 
field generating unitwith a conteolleu voltage drive line, and senses current in satd .me. 

The electromagnetic hacking system of claim 1, wherein said field generating unit 



2 



3. 

comprises 



a plurality of independent field coils, 

a multiplexer coupled to said coils for selecting any one of said coils, and 
an amplifier coupled to said coils via the multiplexer, the amplifier measuring a 
current flowing through any of the coils selected by the multiplexer. 



4 The elec*omagnetic tracking system of claim 1 , furmer comprising a calibrate 
.ansmitter.the calibration .ansmitterbeing fixed with respect to the field sensmg unU 
for generating a fixed reference field sensed by said sensing umt. 
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5 The elee.romagn.ric backing system of data 4, wherein the field sensing unit 
eomprises *2 coils spanning ,a dimensions, and the calibration coil is positioned to 
couple signal into each of said coils. 

6 The electromagnetic tacking system of claim 4, further comprising a current sensor 
ft* senses one or more currents induced in me generating uni, by the drive signal and 
another eurren. sensor senses current in the calibrarion transmitter, bom sa,d current 
sensors being coupled to a common amplifier thereby providing a common gam factor 
for all current measurements 

7. An electromagnetic tracking system comprising 

a magnetic field generating unit having at least one field generating coil driven by 
a drive signal, 

a field sensing unithaving at least one field sensing coil generating a sensing 
signal responsive to a changing magnetic field, said changing magnetic field including a 
position-dependent field produced by said magnetic field generating umt 

the generating and sensing units being arranged to generate and to sense, 
respectively, an electromagnetic field in an arena of interest, and wherein at least 
one of said units is movable, 

signal measurement and conditioning circuitry connected to said units to 

(i) synchronously sample and digitize drive signal data and sensing signal 
data for respective pairs of field generating and field sensing coils, cumulating the 
digitized data to form a raw signal matrix, and 

(ii) determine a mutual inductance matrix from the raw signal matrix, and 
a processor that utilizes the mutual inductance matrix to determine coordinates of 

the movable unit. 
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8~" The electromagnetic tracking system of claim 7, wherein the field sensing unit is 
fixed to a structure and the field generating unit is movable. 

9. The electromagnetic tracking system of claim 7, wherein the processor normalizes 
the raw signal matrix with respect to drive signal and sensing unit coil coupling response. 

10. The electromagnetic tracking system of claim 8, wherein the processor determines 
coordinates of the movable unit by approximating coordinates of the field sensing unit 
relative to the field generating unit, and iteratively adjusting the approximated 
coordinates to determine coordinates of the movable unit. 

11. The electromagnetic tracking system of claim 7, wherein the drive signal is any of 
a drive current or a drive voltage. 

12. An electromagnetic tracking system comprising 

a magnetic field generating unit driven by a drive signal, 

a field sensing unit having a sensing signal responsive to a changing magnetic 
field, said changing magnetic field including a position-dependent field produced by said 
magnetic field generating unit, 

the generating and sensing units being arranged to generate and to sense, 
respectively, an electromagnetic field in an arena of interest, and wherein at least one of 
said units is movable, 

signal measurement and conditioning circuitry connected to said units to sample 
and digitize signal data for the field generating and field sensing units, 

a distorter having a known structure disposed at a selected location in the arena of 
interest, and 

a processor operative on the sampled and digitized signal data to determine 
relative coordinates and orientations of said field generating or field sensing unit, said 
processor modeling the distorter and the generating and sensing units to generate modeled 
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si ^, dau and fitting said modeled signal data to measured signal values «o define 
coordinates and orientations of said geld generating and field sensing nnrts. 
13. An electromagnetic tracking system comprising 

a magnetic field generating unit and a magnetic field sensing uttH, a. leas, one said 
units being movable relative tt> the omer, me sensing nnit baving a sensing signal ; 
^vetoacbangmgrnagnericfieldprodnc^bv said magnetic field generating™,,, 

generating and sensing onits being arranged to generate and to sense, 
respectively an electromagnetic field in an arena of interest, 

sigM , measurement and conditioning circuitry eonnected to said unto to sample 
and condition field generating and field sensing signal values 

a processor operative on sampled and conditioned signal values to determine 
relative position and orientation of said units 

wberein the signal measurement and conditioning circuitry includes a common 
gain stage amplifier connected to plural coils and a high precision analog to d,g*al 
onverter that converts amplified coil signals to high precision digital values snch that 
coi. outputs over a work arena may be digitally processed without patching o, converse 
of gains in different regions of the work arena. 

,4. An mtra-operative imaging and tracking system for guiding a surgical tool during 
a surgical procedure performed on a patient, comprising 

a fluoroscope having an x-ray source and an imaging assembly, said source and 
imaging assembly being movab.e about the patient to genetate a plurality of two- 
dimensional x-ray images of the patient from different v,ews, 

a magnetic tracker having a field generating unit driven by a drive signal to 
generate an electromagnetic field in an are, of interest and a sensing unit that generates a 
Ling signal in response to said field, one of said unit, being recured agarns, movement 
mlative to said imaging assembly and me omer unit being affixed to the surgtca. tool, 
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a magnetic field distorter secured against movement relative to said imagmg 
assembly, 

a signa! measurement circuit for measuring said drive and sensing signals to 
generate measured signal data, and 

a processor operative on said x-ray images and said measure signals, said 
pressor modeling said field distorter and said generating and sensing units to dertve 
modeled signal data and fining said modeled signal data to said measured srgna. data to 
determine relative coomma.es and orientations of said generating and sensmg unrrs smd 
processor further utilizing said x-ray images and said relative coordinates and onematrons 
to determine position of the tool relative to the patient 

15 . An intra-operative imaging and tracking system for guiding a surgical tool during 

a surgical procedure performed on a patient, comprising 

a fluoroscope having an x-ray souroe and a detector, said x-ray source and deleter 
being movable relative to the patien, so as to generate a plurality of two-d.mens.ona. 
x-ray images of the patient from different views, 

aIM gnefic tracker havingamagnetic field generating unit driven by. drive signa! » 
generate an electromagnetic fie!d in an area of interest and a magnetic field sensmg 
uni, generating a sensing signal responsive to the electromagnetic field, one of sa,d 
anits being secured against motion relative to fte detector and the orier urn, bemg 
affixed to the surgical tool, 

a signal measurement circuitry electricaUy coupled ,o the tracker to measure said 
drive and sensing signals to fotm a matrix representing mutual inductance between 
said generating and sensing units, 

a processor operative with said mutea! inductance matrix and said x-ray images to 
detemrme coordinates of the unit affixed to the surgical tool and position of the 
surgical tool relative to the patient 
16. An electromagnetic tracking system comprising 
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a magnetic field generating unit driven by a drive signal, 

a field sensing unit having a sensing signal responsive to a changing magnetic 
fi e,d, s aidchangingmagnetic field inclnding a position-dependent field prodnced by satd 

magnetic field generating unit, 

the generating and sensing onits being arranged to generate and to sense, 
respective*, an electtomagnetic field in an arena of interest, and wherein a, ,eas, one of 
said units is movable, 

sigmd measnremen. and conditioning circuitry connected to said unite to sample 
and digitize signal date for the field generating and field aensing untts, 

a distorter having a structure optimal for shielding one or more objects in me 
arena of interest, said distorted being dispose* ao aa to substantially shield magnehc 
fielda generated by said objects, and 

a processor operative on the sampled and digitized signal date to detemtine 
retetive coordinates and orientations of said field generating or field sensing on* satd 
processor modeling the distorter and the generating and sensing onita to generate 
modeled signal date and fitting said modeled signal date to measured signa, values to 
detennine coordinates and orientations of aaid field generating and fiern senamg urn*. 
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